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Abstract 
 
Recent researches have emphasized the difficulty of biodegradation in organic compounds. To biologically 
remove these organic compounds some complex problems should be resolved: the need for direct contact between 
products added as stimuli in the biodegradation process and the polluted soil, as well as the thorough examination of the 
biomass development and the transformation of pollutant compounds, taking into account the products resulted after the 
decontamination process. In order to design aeration systems to achieve a maximum level of biodegradation through 
biopile technology simulations of this system and further experiments must be carried out to explore in detail the 
method of aeration and to develop criteria for making such systems. Natural and forced aeration (blowing or extracting 
air through pipes) can be introduced to improve soil ventilation to assure the oxygen supply needed for the bioreactions 
taking place in the pile of polluted soil.  
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1. Introduction 
 
Biodegradation is a natural phenomenon, 
subsoil and groundwater are the normal life 
environment for many organisms. The 
biodegradation process is developing as a chain 
reaction in which carbon compounds are 
transformed by successive degradation in molecules 
becoming less and less complex, until simple 
products are obtained [3].  
The gaseous phase of the soil is of great 
importance in bio-geo-chemical processes occurring 
in soil, as it is a crucial factor in the processes of 
breathing for both plant-roots and for the 
microorganisms in the soil.  
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The exchange of gases between the soil and 
atmosphere is therefore crucial for the quality of 
metabolic reactions taking place under the ground, 
especially in agricultural ecosystems, where the 
degree of ventilation of soil is closely related to the 
state of plant vegetation, as it influences the quality 
and quantity of crops. 
Due to the properties of the porous medium, 
the gas exchange between the soil and atmosphere is 
possible through a process called aeration, whereby 
atmospheric oxygen penetrates the soil and soil 
carbon dioxide is emitted into the atmosphere, these 
two streams are generated due to concentration 
gradients. The magnitude of the atmospheric oxygen 
flow is dependent on soil structure and texture and 
on degree of filling pores with water, the aeration 
process can be quantified both with direct 
measurements and through numerical modeling [2]. 
The “biopile” technology consists in 
excavating soil and forming of piles of 
contaminated soil in order to improve the conditions 
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for biodegradation. These piles can be placed on a 
membrane or layer of impermeable clay to prevent 
leachate contamination of the surrounding area. For 
aerating the pile a perforated pipe is provided and it 
is installed in the pile in a permeable gravel layer 
that allows regular and uniform distribution of air 
throughout the whole pile [5]. A proper increase of  
the conditions during “biopile” process generates an 
increase in the speed and the degree of 
degradation.The extracted air may be treated to 
remove volatile organic compounds (VOCs) using a 
filtration system such as activated charcoal [4]. 
 
2. Aeration systems used in the biological 
treatment of soil through  “biopile” technology 
 
The function and performance of a biopile 
method are affected by the interaction between the 
physical and biological processes: the transport of 
oxygen, humidity and heat caused by air flow and 
diffusion, microorganism consumption of oxygen 
and water and the heat generated by bioreactions. 
When the amount of oxygen increases by increasing 
the air flow, heat and water loss will be intensified. 
Factors affecting soil aeration are the drainage of 
excess water, the breathing rate in soil, soil profile, 
soil pH. Therefore, the air flow increase will not 
necessarily improve biodegradation if the ambient 
temperature is lower than that required for optimal 
biodegradation in the pile. In order to optimize the 
rehabilitation system  it must be understood how the 
increase in the airflow will change the moisture 
content and the internal temperature of the pile. In 
turn, the moisture content and the temperature are 
also affected by microbial activity. The natural air 
flow in a pile is driven primarily by wind-induced 
pressure gradients.  
There are  two main aeration systems: 
 
 
 
 
 
 
1) Horizontal tube aeration system; 
2) Vertical tube aeration system. 
 
A horizontal tube aeration system usually 
includes, blowers or fans to be attached to the vent 
pipe system except for the case when soil aeration 
is done manually (fig. 1) [1]. Most ventilation 
systems are based on horizontal perforated pipes 
placed in a random manner. The testing of a 
vertical tube aeration system was carried out for a 
month by a group of researchers at the Center for 
Eco-Environmental Modeling in China [2] where 
the performance of this new system made of two 
perforated tubes, placed vertically with wind 
turbines was compared with that of a pile of 
standard structure with perforated pipes placed 
horizontally. Both piles were composed of similar 
soil mixtures contaminated with diesel, splinters, 
compost and NPK fertilizer (nitrogen, phosphorus, 
potassium). Hydrocarbons were recovered using 
solvent extraction and were determined both 
gravimetrically and by gas chromatography. Two 
piles were constructed, one with a standard passive 
aeration and the other one with a vertical aeration 
system. Each heap of soil was built using 3 m3 of 
soil contaminated with diesel taken from a rail 
depot and about 1.26 m3 of soil amendments: 
splinters 0.21 m3 and compost 1.05 m3. Soil 
hydrocarbon concentrations were between 18,000 
and 25,000 ppm. Contaminated soil was stacked in 
piles of about 1 m high, 2 meters wide and three 
meters long. Two perforated polyethylene pipes (Ø 
=140 mm) were placed in the middle of a pile 
("Normal" pile, N) in the manner shown in fig. 2. 
The position of the drain field was chosen to 
maximize soil aeration. The other pile (aerated pile, 
A) had the new ventilation system.  
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
           
                                       a)                                                                              b) 
Figure 1. A horizontal tube aeration system for treating of soil through  “biopile” technology 
a)desing aeration system; b)cross section  
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Figure 2. The piles of soil with the two aeration systems [2] 
 
Two perforated flexible pipes (also Ø= 140 
mm) were placed vertically in the center of the pile 
having at each end turbines mounted on top (fig. 2). 
Because pressure gradients are relatively low, air 
compressibility is neglected. The flow inside the 
biopile is determined by the  inducting the 
difference of pressure of the wind around it. Based 
on the potential flow theory, the pressure difference 
can be quantified.  
 
 
( ) ( )θρ 22 sin412 −=−
∞
Upp
    (1) 
 
where:   
p∞ - ambient pressure at a certain distance  
                     form the pile 
 
 
 
 
               
  U -  wind speed 
              p -  pressure on the surface of the pile 
  ρ -  air density 
   θ – angle 
 
The results obtained are: reduction of 
hydrocarbons in both piles is shown in fig.3 and 
table 1. The general trend of reducing hydrocarbon 
in both piles appears to be exponential. The 
horizontal ventilation pipe increased the velocity of 
the flow around it, but has created a stagnant area on 
some distance shown above (fig. 3). Instead, the 
results in of vertical aeration show a strong and 
uniform flow in the piles (fig. 3b).  
 
 
 
Table 1. Temporal variations of the oil content in the pile 
Pile with standard aeration  Pile with the new aeration  Day    
Oil  mg/kg Percent  Oil  mg/kg Percent  
0 20.318 17% 17.514 4% 
3 20.153 2% 15.059 1% 
6 15.261 13% 19.180 36% 
15 15.800 27% 15.567 8% 
23 16.517 12% 11.480 2% 
30 15.497 21% 12.946 6% 
 
 
 
 
 
URS (Nedelcu) Alina Monica et al./ProEnvironment 3 (2010) 437 - 441 
 
 
 440
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Airflow pattern in the pile aerated conditions: a) horizontal; b) vertical 
 
The color of the chart represents the 
variations of pressure inside the pile and the arrows 
indicates the pressure gradients, therefore, the speed 
of the airflow. 
Research has shown that the water content in 
the vertically  aerated pile was always less than in 
the horizontally aerated pile. This may be due to 
enhanced aeration of the former heap. The 
temperature in the central part of the two piles was 
higher than the temperature measured at the 
extremities, probably because of the local speed of 
the air flow and of the stimulated metabolism. The 
new aeration system clearly stimulated the suction 
pipe, leading to improved airflow in the duct. The 
new system also has the advantage of being 
sensitive and responsive to wind; this is not applied 
to the horizontally aerated heap.   
 
3. Effects of aeration on the biodegradation 
process 
 
The efficiency of biodegradation based on the 
breathing ratecan be calculated as the product of 
CO2 accumulated throughout the entire time period 
using the following formula [5]:  
 
EB(%) = CO2 bio x 100/Ci    (2) 
CO2 bio = 2 x CO2 total - CO2 control   (3) 
where:  
EB        –  Biodegradation efficiency (%  
                  µmols/µmols)  
CO2 bio  – l  CO2 generated by microbial  
                activity (µmols) 
             CO2 total –  CO2 grand total (µmols) 
 
Ci                   – the initial equivalent in  µmols 
                   (theoretical value) 
CO2 control – accumulated control of CO2   in  
              µmols (abiotic system)  
 
The efficiency of biodegradation  can be 
assessed by measuring the reduction in the 
concentration of hydrocarbons. 
Intensification of aeration in the pile 
improves the  biodegradation of hydrocarbons, as it 
increases soil microbial activity determining a 
higher consumption  of hydrocarbon by 
microorganisms. 
 The results obtained have confirmed that 
excessive loss of water is caused by increasing 
aeration, having a negative impact on the 
biodegradation process. Experiments require some 
detailed studies to quantify how airflow affects the 
moisture content of the heap.  
 
4. Conclusions  
 
This study was conducted in order to compare 
the two systems of aeration of soil contaminated 
with hydrocarbons using biopile technology, to 
identify the highest level of efficiency regarding the 
biodegradation of organic pollutants. Starting from 
these results software will be created to design an 
aeration system which will permit to obtain a higher 
efficiency by adjusting the parameters. 
Globally the most commonly used aeration 
systems are the horizontal ones, but recent research 
       
a)                                     b) 
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undertaken to determine a more effective ventilation 
method reveal that the vertical tube system is more 
efficient. Airflow uniformity is essential in maintaining 
an optimum balance for soil aeration using the biopile 
metho; this condition is ensured by using the vertical 
ventilation system. Research conducted confirms that 
increasing aeration leads to excessive loss of water 
content, which induces a negative impact on the 
biodegradation process. For a rigorous control over soil 
moisture periodical motorization is needed through 
complex studies which determine how the airflow affects 
the water content.  
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